To investigate the size criteria of multidetector computed tomography (MD-CT) for the evaluation metastatic lymph nodes (LNs) for potentially operable squamous esophageal cancer, and to compare this information with the results of positron emission tomography-CT (PET-CT). Materials and Methods: Twenty-four patients who underwent radical esophagectomy for esophageal cancer were studied. All patients had preoperative MDCT and PET-CT. The MDCT findings were compared with those of PET-CT and were correlated with the surgical records. The receiver operating characteristic (ROC) curve method was used to determine the appropriate cut-off value to distinguish benign from metastatic LNs. Results: The size of metastatic LNs (9.35 3.41 mm) was significantly larger than that of benign LNs (5.74
In esophageal cancer patients, determination of the disease stage is important for the selection of therapeutic protocols and for predicting a patient's prognosis. In particular, the lymph node (LN) stage is an important independent prognostic factor (1) . In addition to the disease stage classified simply based on the presence (N1) or absence (N0) of local LN involvement, the number of involved LNs as well as their locations are also important prognostic factors (2) (3) (4) .
In esophageal cancer patients, chest computed tomography (CT) is commonly used as a pre-operative test. LN metastasis is evaluated by size, in most cases by reference to lung cancer LN metastasis cases, with the standard of LN metastasis being a diameter ≥ 10 mm. Therefore, cases with LN metastasis < 10 mm can be overlooked, and LNs that become enlarged due to reactive hyperplasia or granulomatous inflammation may not be distinguished from LNs enlarged by tumor spread (5, 6) .
In the evaluation of disease stage in esophageal cancer patients, assessment of LN metastasis using positron emission tomography (PET) using 18F-fluorodeoxyglucose (FDG) is more accurate than CT (5) (6) (7) . Recently, with the application of PET-CT to the disease stage evaluation in esophageal cancer patients, high sensitivity as well as specificity have been reported. However, as CT is a presurgical test commonly used for esophageal cancer patients, standardization of the size of LN metastasis of esophageal cancer patients is required.
Presently, we evaluated the size criteria of metastatic LN using multidetector computed tomography (MDCT) for squamous esophageal cancer patients and then compared the results with those of PET-CT.
Materials and Methods

Patients
From November 2003 to June 2007, 29 patients with biopsy-proven squamous cell carcinoma of the esophgagus underwent preoperative CT and PET-CT. Of these patients, five were excluded in the study; two did not undergo esophagectomy due to other advanced primary cancers, one received preoperative adjuvant chemotherapy, one underwent endoscopic mucosal resection, and one had simultanoeus esophagectomy for esophageal cancer and gastrectomy for primary gastric cancer. A total of 24 patients (22 males and two females, ranging in age from 50-76 years, with a mean age of 63.5 years) were included in our study. Our local ethics committee approved this retrospective study, and the requirement for written informed consent was waived for this retrospective analysis.
MDCT
MDCT scans were obtained from the neck to the middle portion of the both kidneys after intravenous automated injection of contrast medium (100 mL) at a rate of 2 mL/s. CT was done using several scanners including a Lightspeed Volume CT apparatus (GE Healthcare, Milwaukee, WI, USA) for eight patiates, Volume Zoom (Siemens, Forchheim, Germany) for 12 patients, and Sensation16 (Siemens, Forchheim, Germany) for four patients. CT was obtained at 120-140 kVp; 100-250 mA; 1.25-2.5 mm collimation; scan speed 0.5-0.75 s/cycle; and a reconstruction interval of 2.5-3 mm. Two radiologists reviewed all measurable LNs and recorded the size, number, and sites on an American Joint Committee on Cancer (AJCC) nodal station. The LN size was measured on the basis of the short-axis diameter.
PET-CT
The time interval between MDCT and PET-CT was 1-25 days (average; 6.3days). All patients fasted for at least 6 h before the PET-CT study. None of the patients had blood glucose levels exceeding 130 mg/dL. Sixty minutes after intravenous injection of 370-550 MBq PET-CT scans were obtained using a combined PET-CT system (Biograph DUO; Siemens Medical Solutions, Knoxville, TN, USA). CT scanning began at the orbitomeatal line and progressed to the upper thigh (30 mAs; 130 kV; 5 mm slice thickness). PET imaging followed immediately over the same body region from the upper thigh and progressing caudally. The CT data were used for attenuation correction, and images were reconstructed using the standard ordered subset expectation maximization (OSEM) algorithm. When an area of presumed primary tumor or a LN showed prominent FDG uptake on visual assessment compared to the background activity, the area or LN was considered to be positive for malignancy. An experienced nuclear medicine radiologist reviewed the PET and fused PET-CT images and recorded the presence, number, maximum standardized uptake value (SUV max ), and location of presumed primary tumors and LNs with metastases.
Data Analyses
MDCT and PET-CT findings were compared and correlated with the surgical records and pathology results. Descriptive analyses were used to characterize the groups investigated. Continuous variables were expressed as mean ± SD, and differences were analyzed using the Student's t-test. Fisher's exact test was used to compare the accuracy of PET-CT. A p value < 0.05 was considered to represent a statistically significant difference. The appropriate cut-off value to distinguish benign from metastatic LNs with the highest sensitivity and specificity was determined using the receiver operating characteristic (ROC) curve method.
Results
Primary Tumors
All patients were diagnosed with squamous cell esophageal cancer, with well-differentiated cancer in three patients, moderately differentiated cancer in 18 patients, and poorly differentiated cancer in three patients. Primary tumors were located in the upper thoracic esophagus (n=2), midthoracic esophagus (n=5), lower thoracic esophagus (n=16), and in the mid-to-lower thoracic esophagus (n=1). Regarding the postoperative T disease stages, T1 tumor was present in six patients (T1a in two patients and T1b in four patients), T2 tumor in four patients, T3 tumor in 13 patients, and T4 tumor in one patient. Among the 24 study patients, primary tumor could be readily detected by MDCT in 22 patients (91.7%) and by PET-CT in 23 patients (95.8%). 
Lymph Nodes
In 24 patients, a total 203 LNs were detected by MD-CT. A total of 190 LNs were resected by surgery. In the 190 surgically resected LNs, one metastatic LN not detected by MDCT was included. Fourteen unresected LNs were excluded from the study. Among the 190 resected LNs, 23 LNs in 11 patients were pathologically confirmed as metastasis.
The average size of LNs without metastasis detected by MDCT was 5.74 ± 1.64 mm (2.2-9.84 mm), while the average size of metastatic LNs detected by MDCT was 9.35 ± 3.41 mm (5-17.9 mm); the difference was significant (p<0.001) (Fig. 1) 15 LNs with a diameter < 10 mm (68%), and two M1 LNs with diameters < 10 mm (50%). Considering 7 mm as the optimal cut-off value suggesting malignancy, good discriminatory power was shown when the area under the ROC curve was 0.848 (95% confidence level, 0.756-0.940) (Fig. 2) and the sensitivity, positive predictive value, and negative predictive value were significantly higher than considering 10 mm as the standard value (Table 1) . One metastatic LN undetected by MDCT was located in the esophago-gastric junction in a patient with lower esophageal cancer. Although MDCT could not detect this LN, PET-CT showed strong FDG uptake (Fig. 3) .
Among PET-CT. Their SUV max was 2-10.1, and was was higher than 2. Four metastatic LNs that were not detected by PET-CT were located in the vicinity of the primary tumors (Fig. 4) . The mean size of these undetected LNs was 5.8 mm. Among the 18 metastatic LNs detected by both MDCT and PET-CT, the average size was 10.38 mm (7-15.6 mm) and 10 were < 10 mm.
One LN with FDG uptake on PET-CT revealed no metastasis on pathology examination, and the SUV max of this LN was 2.6; on MDCT, it was seen to be a regional LN located in the subcarinal region and measured 10.3 mm (Fig. 5) .
The sensitivity, specificity, positive predictive value, and negative predictive value of PET-CT were 82.6%, 99.4%, 95%, and 97.4%, respectively (Table 1) .
Discussion
CT is a common and non-invasive modality used to evaluate the disease stage of esophageal cancer. However, it has substantial limitations regarding its accuracy in evaluating disease stage. In particular, in LN metastasis, patients with LNs < 10 mm with tumor infiltration are excluded and the sensitivity is lowered (9, 10).
Schröder et al. (11) reported that among 1,196 surgically resected LNs in primary esophageal squamous cell cancer patients, metastasis could be confirmed in 129 LNs (10.8%) by histopathologic analysis. Among these 129 LNs, there were only 15 with a diameter > 10 mm (12%). They also observed that the average size of nonmetastatic LNs was 5.1 ± 3.8 mm in maximum diameter, the average size of metastatic LNs was 6.7 ± 4.2 mm, and that there was a statistically significant difference (p=0.00006); however, the LN size was not significantly correlated to the frequency of LN metastasis (p=0.33). Funai et al. (12) also suggested that discounting nodes < 10 mm can lead to an underestimation of the stage of esophageal cancer during pre-operative evaluation. Another study reported that the mean size of the metastatic LN was 4.8 mm; the authors suggested that extensive LN dissection is appropriate in esophageal cancer surgery (13) . However, most reports regarding metastatic LN size of esophageal cancer have involved histopathologic results of dissected LNs, and little is known about CT criteria of metastatic LN in esophageal cancer patients. So, we evaluated the cut-off value of metastatic LN in esophageal cancer patients. The average size of LNs without metastasis was 5.74 mm in short-axis diameter and that of metastatic LNs was 9.35 mm, representing a significant difference (p<0.01). Among the 22 metastatic LNs detected on MDCT, the size of LNs was larger than 10 mm as measured by pre-surgical MDCT in only seven cases (32%). Considering 7 mm as the optimal cut-off value, a substantial discriminatory power was shown, (sensitivity of 81.8%, specificity of 82.2%), and the area under the ROC curve was 0.848 (95% confidence level, 0.756-0.940). Therefore, we presume that, for esophageal cancers, it can be assumed that the size of metastatic LNs is smaller. Our results correspond to the previous histopathologic reports (12, 13) .
To determine the stage of esophageal cancer, the prognosis of cases with non-regional LN metastasis is less favorable than that for cases with locoregional LN metastasis, and thus non-regional LN metastasis was classified as M1a (14) . In midesophageal cancer, as nonregional lymph node metastasis also shows a poor prognosis similar to that for distant organ metastases due to the limited lymphatic drainage, they were therefore classified as M1b (14) . In esophageal cancer, if metastasis develops only in regional LNs, successful surgery is possible; however, in cases with non-regional LN metastasis, surgery is not useful, and, therefore, detection of non-regional LNs is very important in imaging studies. In our study, as the subjects were only patients who had had surgery, the number of non-regional LN was small; nevertheless, even in non-regional LN metastasis cases, LNs < 10 mm were detected in 40% (2/5) of the patients.
In many studies, PET has been used to evaluate the disease stage of esophageal cancer; the sensitivity and accuracy of PET is higher than that of MDCT for detecting LN metastasis (5, (15) (16) (17) . However, as the spatial resolution of PET is poor, it is limited regarding its ability to detect the false negative component of metastatic LNs located in the vicinity of primary tumors (7) . The evaluation of LN metastasis using PET-CT fusion images improves the sensitivity, accuracy, and the negative predictive value (18) . In one study, PET-CT could distinguish the FDG uptake by primary tumors and the FDG uptake by adjacent LNs in 64% of sites located in the proximity to the primary tumor, allowing the locoregional involvement to be accurately evaluated (19) . In another study, among 28 metastatic LNs located in the vicinity of primary tumors, six were false negative according to PET and two were false-negative according to PET-CT (18) .
Similarly, in our study, PET-CT detected metastatic LNs accurately in esophageal cancer patients, regardless of the size of the nodes. In particular, LN metastasis presently located in the esophago-gastric junction in a patient with lower esophageal cancer and which was not identified on MDCT, could be detected by PET-CT. However, in our study, four metastatic LNs located in the vicinity of the primary tumor were missed, which suggests a limitation of PET-CT for detecting locoregional LN metastasis. This might be due to the poor distinction of adjacent LN uptake from the strong primary tumor uptake or to the small sized of LN, which prevents its uptake of FDG. The mean size of LNs that could not be detected by PET-CT in our study was 5.8 mm. In addition, one of our cases diagnosed with metastatic LN on PET-CT, was negative for metastasis on pathology. We suggest that careful analysis of the results of PET-CT is required.
It has been reported that in all esophageal cancer patients, abnormal FDG accumulation is detected in primary tumors, with the average detection rate exceeding 90% (15, (20) (21) (22) (23) . However, as the spatial resolution of PET or PET-CT is poor, it is limited in its ability to detect small tumors; in addition, the adjacent invasion of a primary tumor is difficult to assess in most cases (7, 14) . One study reported that in primary esophageal cancer, PET could not detect T1a stage tumors, however, it could detect T1b stage tumors or higher stage tumors (23) . In our study, one case of T1a was not detected by either MDCT or PET-CT and one case of T1b tumor was not detected by MDCT; nonetheless, weak PET-CT uptake was shown on PET-CT.
Our study has several limitations. First, there were only a small number of sample groups. Second, as the subjects were operable patients, advanced stage patients were excluded, lowering the prevalence of metastatic lesions. Third, the total number of resected LNs was small. In addition, as it was a retrospective study, correlation of the location of LNs was assessed by surgical records and so may not have provided very accurate matching.
In summary, in operable esophageal cancers, the size of metastatic LNs can be < 1 cm in many cases. Nonetheless, the size of metastatic LNs can be significantly larger than LNs without metastasis and, on MDCT, the short diameter of 7 mm may be the optimal diagnostic criterion. As PET-CT was very accurate for assessing metastatic LNs in our study, it is anticipated that it will have a decisive role in determining the esophageal disease stage. But, it is limited in esophageal cancer cases with metastatic LNs in the vicinity of the primary tumors and, although rare, it may show false positives, so results should be interpreted with extreme caution.
